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Abstract 
Background:  Dental surface conditioning by Er:YAG laser is currently being investigated, as not all of the mecha-
nisms and effects of this technique have been clearly studied. Thus, the aim of the present study was to assess the 
cervical microleakage of Class II resin composite restorations in endodontically treated teeth following either the 
respective conventional conditioning or additional Er:YAG laser conditioning, in association with varied adhesives.
Material and Methods: Standardized mesial-occlusal-distal cavities (two gingival walls positioned in dentin and 
enamel, respectively) were created in 60 extracted human premolar teeth. Following the completion of the endo-
dontic therapy, the teeth were grouped into six categories based on conditioning modality and adhesive strategy as 
follows: group 1-37% phosphoric acid/Adper Single Bond 2 (ASB2); group 2-Er:YAG laser/37% phosphoric acid/
ASB2; group 3-Clearfil SE Bond (CSE); group 4-Er:YAG laser/CSE; group 5-Adper Easy One (AEO); and group 
6-Er:YAG laser/AEO. Specimens were submitted to thermocycling and dye penetration, followed by longitudinal 
sectioning. The dye penetration was evaluated using a stereomicroscope. One specimen from each group was as-
sessed under a scanning electron microscope for adhesive interface analysis. 
Results: No significant differences were found between the conditioning modalities, nor between the adhesive sys-
tems at both margins. Groups 1 and 2 showed a lower degree of microleakage in the enamel vs. dentin (p = 0.002). 
Group 2 showed a significantly lower incidence of microleakage in enamel vs. dentin (p = 0.005). 
Conclusions: CSE and AEO were comparable with that of ASB2 regarding sealing ability. Additional Er:YAG laser 
conditioning may be beneficial before ASB2 application in enamel.
Key words: Endodontically treated teeth, etch-and-rinse adhesive, Er:YAG laser, gingival level, sealing ability, 
self-etch adhesive.
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Introduction
The effect of the concept of coronal microleakage on 
the endodontic treatment outcome has been known for 
a long time (1). The bacteria-tight seal of the endodontic 
access cavity plays a major role in the effectiveness of 
the root canal treatment. The presence of an insufficient 
sealing at coronal restoration margins permits oral bac-
teria and their metabolic products to gain entry into the 
filled root canal, which is a contributing factor for the 
progression and perpetuation of periapical pathosis (1). 
Moreover, in one of the studies, the operative adequacy 
of the coronal restoration was considered more impor-
tant as compared to operative adequacy of the endodon-
tic treatment (2).
In order to interact with the dentinal smear layer, the cu-
rrent adhesive systems use one of the following strate-
gies: etch-and-rinse technique or self-etching technique. 
In the case of etch-and-rinse technique, phosphoric acid 
gel is used at a concentration of 30-40% to etch den-
tin and enamel prior to adhesive application. After its 
application, the smear layer is removed, resulting in the 
opening up of the dentinal tubules. In the case of the 
self-etching technique, a particular acid-etch step is not 
needed for the adhesives nor is the smear layer removed. 
Aqueous mixtures of functional acidic monomers with a 
high pH value compared to phosphoric acid etching gels 
are used in this step (3).
The erbium: yttrium aluminum garnet (Er:YAG) laser 
technique has emerged as one of the alternative techni-
ques for safe and effective conditioning of the enamel 
and dentin, as irradiated dental hard tissues provide mi-
croscopically irregular surfaces on both tissues and ex-
pose dentin tubules without a smear layer (4). Previous 
studies have shown that a considerable improvement 
was observed in marginal seal integrity and durability 
of the adhesive restorations in terms of sealing ability 
when the etch-and-rinse technique was achieved fo-
llowing Er:YAG laser conditioning (5-7). However, the 
relationship between different adhesive strategies and 
dental surface conditioning by Er:YAG laser has not 
been well studied yet.
Thus, the present study aimed to evaluate the cervical 
microleakage of Class II resin composite restorations in 
endodontically treated teeth with the margins positio-
ned apical and coronal to the cemento-enamel junction, 
which either followed the conventional conditioning or 
additional Er:YAG laser conditioning, in association 
with one etch-and-rinse adhesive and two self-etch ad-
hesives.
Material and Methods
The study used 60 extracted human premolar teeth with 
orthodontic indication for experimental purpose. The ex-
clusion criteria included cracks, hypoplastic areas, resto-
rations, and caries. The standardized Class II mesial-oc-
clusal-distal (MOD) cavities (buccolingual width of 3 
mm on the occlusal and gingival sides) were prepared 
with a #1090 diamond fissure bur (Diatech Dental AG, 
Heerbrugg, Switzerland) in a high-speed turbine under 
copious water spray. After every five preparations, new 
burs were used. The mesial gingival wall was created 
1 mm coronal to the cemento-enamel junction (enamel 
area) while the distal gingival wall was created 1 mm 
apical to the cemento-enamel junction (dentinal area) in 
each cavity. No margins were beveled.
The removal of the pulp chamber roof exposed the root 
canals. Then the pulp tissue was extirpated. A step-back 
technique was used to shape the canal to a size of 40 
master apical file. Manually used nickel-titanium fi-
les (Dentsply Maillefer, Ballaigues, Switzerland) were 
used for the root canal preparation. The irrigation was 
performed by alternating the solutions of 2.5% NaOCl 
and 17% EDTA after every change of instrument. After 
the final irrigation with distilled water, the paper points 
were used to dry the canals, which were then filled with 
lateral condensation technique using gutta-percha (Dia-
dent, Chongju, Korea) and AH Plus sealer (Dentsply De 
Trey GmbH, Konstanz, Germany). A conventional glass 
ionomer cement (Riva Self Cure; SDI Ltd., Bayswater, 
Victoria, Australia) was used for the sealing purpose of 
the coronal root canal openings. The samples were grou-
ped into six groups with 10 teeth each (Table 1).
Group 1: 37% phosphoric acid + Adper Single Bond 2 
(ASB2) 
The cavity was etched with 37% phosphoric acid gel 
(ScotchbondTM Universal Etchant; 3M ESPE, St Paul, 
MN, USA) for 15 s. After rinsing, the dentin surface was 
gently dried and left visibly moist. Double adhesive coat 
was applied, followed by 5 s of gentle air drying. Further, 
light cure was done for 20 s through a visible light-curing 
unit (Hilux Expert, Benlioglu, Ankara, Turkey). Prior to 
this, a curing radiometer was used for testing purpose, 
which showed an output of 600 mW/cm2 that was con-
sidered adequate. A metal matrix system (Tofflemire, 
Teledyne Water Pik, Ft. Collins, CO, USA) was then fi-
tted onto the prepared tooth before the application of the 
restorative material. A nanocomposite FiltekTM Ultimate 
(3M ESPE, St. Paul, MN, USA) was placed in 2 mm in-
crements and polymerized for 20 s per increment.
Group 2: Er:YAG laser conditioning + 37% phosphoric 
acid + ASB2
Cavity preparation was followed by enamel and dentin 
surfaces conditioning with Er:YAG laser for 30 s at a 
wavelength of 2.94 µm, with 250-350 mJ output, 250 to 
500 µs pulse duration, 2 Hz frequency and 20 mm dis-
tance between the target tissue and lens under constant 
cooling (5 mL/min) (Table 2). The laser conditioning 
was followed by 37% phosphoric acid etching. The ad-
hesive and composite resin applications were performed 
in a similar manner as in group 1.
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MATERIAL
(Batch No.)
MANUFACTURER TYPE COMPOSITION
AdperTM Single 
Bond 2
(N751196)
3M ESPE, St Paul, MN, 
USA
Etch-and-rinse 
adhesive
Etchant: 35% phosphoric acid.
Adhesive: Bis-GMA, HEMA, dimethacrylates, sili-
ca nanofiller (5 nm), polyalquenoic acid copolymer, 
initiators, ethanol, water
Clearfil SE Bond
(Primer: 980216)
(Adhesive: 
950347)
Kuraray, Osaka, Japan Two-step self-
etch adhesive
Primer: MDP, water, HEMA, hydrophilic dimethac-
rylate, camphorquinone, N,N-Diethanol p-toluidine
Adhesive: MDP, Bis-GMA, HEMA, hydrophobic 
dimethacrylate, camphorquinone, N,N-Diethanol 
p-toluidine, silanated colloidal silica, initiator
AdperTM Easy 
One
(569535)
3M ESPE, St Paul, MN, 
USA
One-step self-etch 
adhesive
HEMA, Bis-GMA, methacrylated phosphoric 
esters, 1,6-hexanediol dimethacrylate, methacryla-
te-functionalized polyalkenoic acid, silica filler (7 
nm), ethanol, water, camphorquinone, stabilizers
FiltekTM Ultimate 
Universal
(N567945)
3M ESPE, St 
Paul, MN, USA                                                
                                                                           
                                                                           
                                                                           
                                                                           
                                                                           
                                                                                  
Nanocomposite Resin components: Bis-GMA, UDMA, TEGDMA, 
PEGDMA, Bis-EMA
Fillers: Zirconia/silica clusters, silica nanoparticles, 
and zirconia nanoparticles. Nanoclusters comprise 
about 90% of the filler
Table 1: Chemical composition of the materials used in this study.
Bis-GMA, bisphenol-A glycidylmethacrylate; HEMA, 2-hydroxyethyl methacrylate; MDP, 10-methacryloyloxydecyl dihydrogen phosphate; 
UDMA, urethane dimethacrylate; TEGDMA, triethyleneglycol dimethacrylate; PEGDMA, Polyethylene glycol dimethacrylate; Bis-EMA, eth-
oxylated bisphenol-A dimethacrylate.
Manufacturer KaVo Dental GmbH/Kaltenbach & Voigt GmbH, Biberach, 
Germany
Model KaVo KEY Laser 1242
Laser system Er:YAG
Instrument Laser contra angle handpiece 2051
Wavelength 2.94 µm
Energy per pulse 250 mJ (dentin), 350 mJ (enamel)
Repetition rate 2 Hz
Pulse duration 250-500 µs
Application type Defocused, non-contact mode at a 20 mm working distance 
under constant cooling (5 mL/min)
Duration of each application 30 s
Table 2: Laser parameters.
Group 3: Clearfil SE Bond (CSE)
The enamel and dentine surfaces were conditioned with 
primer for 20 s and were gently air dried for 5 s. Then, 
the adhesive was applied for 15 s using the same appli-
cator, gently air dried for 3 s and light cured for 10 s. The 
composite resin application was performed in a similar 
manner as in group 1.
Group 4: Er:YAG laser conditioning + CSE
The laser conditioning was performed similar to that 
of group 2. The primer, adhesive and composite resin 
applications were performed in a similar manner as in 
group 3. 
Group 5: Adper Easy One (AEO)
With 20 s agitation, the application of bonding agent 
was performed, which was further air dried for 5 s and 
light cured for 10 s. The composite resin application was 
performed in a similar manner like that of group 1.
Group 6: Er:YAG laser conditioning + AEO
The laser conditioning was performed similar to that of 
group 2. The application of adhesive and composite re-
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sin was performed in the same manner as in group 5.
Finishing procedures were performed with a fine dia-
mond bur (G & Z Instrumente GmbH, Lustenau, Aus-
tria), and then polished with a graded series of Sof-Lex 
discs (3M ESPE, St. Paul, MN, USA). Cervical margins 
were preserved against polishing. All groups were assig-
ned to two subgroups according the gingival wall level: 
1 mm coronal to the cemento-enamel junction (enamel 
area; denoted by letter A) or 1 mm apical to the cemen-
to-enamel junction (dentinal area; denoted by letter B)
-Microleakage test
All specimens were stored in distilled water at 37 °C for 
24 h, which were thermocycled at 5 °C and 55 °C, 1000 
times each with 30 s as the dwell time. At the root api-
ces, composite resin (TPH Spectrum, Dentsply deTrey, 
Konstanz, Germany) was used to seal the samples. Then 
nail varnish was applied on the surface of the tooth in 
two coats below the restoration margins. The specimens 
were then soaked in 0.5% aqueous basic fuchsin dye for 
a day. Subsequent rinsing was done with water, and the 
dye was removed. The specimens were then air dried 
at room temperature. Longitudinal sections of all sam-
ples were obtained through their centers mesial to distal 
using a water-cooled, slow-speed diamond saw (Isomed, 
Buehler Ltd, Lake Bluff, IL, USA). The lengths of dye 
penetration of cervical margins were examined using a 
stereomicroscope (Leica MS5, Singapore, Singapore) 
under 40X magnification. It was assessed by two exa-
miners using a four-point scale: grade 0 = no dye pene-
tration; grade 1 = dye penetration up to one-third of the 
gingival wall; grade 2 = dye penetration more than one 
third, but less than two-thirds of the gingival wall; and 
grade 3 = dye penetration more than two-thirds, or the 
full extent of the gingival wall (8).
-Scanning electron microscope (SEM) evaluation
A sample from each group was considered for adhesive 
interface analyses by SEM (Zeiss Evo 50; Carl Zeiss, 
Oberkochen, Germany). These additional samples were 
not submitted to the microleakage test. The samples 
were cross-sectioned in half using a diamond disc. The 
sections were decalcified using 37% phosphoric acid 
for 15 s and further deproteinized by immersing in 5% 
NaOCl solution for 2 min. The samples were maintained 
for 48 h in a desiccator and mounted in stubs. They were 
then sputter coated with gold and observed under SEM.
-Statistical analysis
Descriptive statistics for ordinal data were expressed as 
median (interquartile range). The number of cases and 
percentages were used for categorical data. The differen-
ces in leakage scores between groups were compared by 
Mann Whitney U test. Kruskal-Wallis test was applied 
for comparing more than two independent groups. Ca-
tegorical data were analyzed by Likelihood Ratio or Fi-
sher’s exact test, as appropriate. A p value < 0.05 was 
considered as statistically significant. However, for 
controlling Type I error, the Bonferroni Correction was 
applied for all possible multiple comparisons. 
Results
Figures 1 and 2 show the distribution frequency of dye 
penetration scores for each group based on the four-point 
scale in both enamel and dentin. When the dye penetra-
Fig. 1: Frequency distributions of dye penetration scores for each 
group in enamel. ASB2, 37% phosphoric acid + Adper Single Bond 
2; CSE, Clearfil SE Bond; AEO, Adper Easy One; Laser (-), con-
ventional conditioning; Laser (+), supplementary laser conditioning.
Fig. 2: Frequency distributions of dye penetration scores for each 
group in dentin. ASB2, 37% phosphoric acid + Adper Single Bond 
2; CSE, Clearfil SE Bond; AEO, Adper Easy One; Laser (-), con-
ventional conditioning; Laser (+), supplementary laser conditioning.
tion scores for all groups with the same adhesive system 
were compared, no significant differences were obser-
ved between the conditioning modalities (conventional 
vs. supplementary laser conditioning) in both enamel 
and dentin (Table 3). In line with this, there were also 
no significant differences between the conditioning mo-
dalities when the incidences of microleakage for groups 
with the same adhesive system were compared in both 
enamel and dentin (Table 4). When the dye penetration 
scores for the groups with the same laser application 
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A
(Enamel)
B
(Dentin)
Laser (-) Laser (+) Laser (-) Laser (+)
ASB2 0.0 (1.0)A,a,1 0.0 (0.25)A,a,1 2.0 (1.25)A,a,2 1.5 (1.25)A,a,2
CSE 0.0 (0.0)A,a,1 0.0 (0.0)A,a,1 0.0 (1.25)A,a,1 1.0 (3.0)A,a,1
AEO 0.5 (1.25)A,a,1 0.0 (0.25)A,a,1 2.0 (2.0)A,a,1 1.5 (3.0)A,a,1
Table 3: The comparisons of median leakage scores among groups.
ASB2, 37 % phosphoric acid + Adper Single Bond 2; CSE, Clearfil SE Bond; AEO, Adper 
Easy One; A, gingival wall located in enamel; B, gingival wall located in dentin. Data 
were shown as median (interquartile range), The same uppercase letters within each col-
umn indicated that there was no statistically significant difference among ASB2, CSE and 
AEO groups in terms of Bonferroni Correction (p>0.0125), The same lowercase letters 
within each row indicated that there was no statistically significant difference between 
Laser (-) and Laser (+) groups in terms of Bonferroni Correction (p>0.0083), The differ-
ent superscript numbers within each row indicated that there was a statistically significant 
difference between regions A and B with the same conditioning modality in terms of 
Bonferroni Correction (p<0.0083).
A
(Enamel)
B
(Dentin)
Laser (-) Laser (+) Laser (-) Laser (+)
ASB2 3 (30%)A,a,1 2 (20%)A,a,1 9 (90%)A,a,1 9 (90%)A,a,2
CSE 1 (10%)A,a,1 1 (10%)A,a,1 4 (40%)A,a,1 6 (60%)A,a,1
AEO 5 (50%)A,a,1 2 (20%)A,a,1 9 (90%)A,a,1 7 (70%)A,a,1
Table 4: The incidence of microleakage for each group.
ASB2, 37 % phosphoric acid + Adper Single Bond 2; CSE, Clearfil SE Bond; AEO, 
Adper Easy One; A, gingival wall located in enamel; B, gingival wall located in den-
tin. Data were shown as number of cases and (percentages), The same uppercase let-
ters within each column indicated that there was no statistically significant difference 
among ASB2, CSE and AEO groups in terms of Bonferroni Correction (p>0.0125), 
The same lowercase letters within each row indicated that there was no statistically 
significant difference between Laser (-) and Laser (+) groups in terms of Bonferroni 
Correction (p>0.0083), The different superscript numbers within each row indicated 
that there was a statistically significant difference between regions A and B with the 
same conditioning modality in terms of Bonferroni Correction (p<0.0083).
modality [laser application absent (conventional) and 
laser application present] were compared, there were no 
significant differences between the groups in both ena-
mel and dentin (Table 3). There were also no significant 
differences between groups when the incidences of mi-
croleakage for groups with the same laser application 
modality were compared in both enamel and dentin (Ta-
ble 4). Group 1 (ASB2) (p = 0.004) and group 2 (laser + 
ASB2) (p = 0.002) showed significantly reduced dye pe-
netration scores in enamel (denoted as “A”) as compared 
to the scores obtained from dentin (denoted as “B”). In 
contrast, no significant difference was observed between 
the median penetration scores of enamel and dentin in 
groups 3 (CSE), 4 (laser + CSE), 5 (AEO), and 6 (laser 
+ AEO) (Table 3). Group 2 showed significantly lower 
incidence of microleakage in enamel as compared to 
dentin (p = 0.005). No significant differences were ob-
served between the incidence of microleakage detected 
in enamel and dentin in groups 1, 3, 4, 5, and 6 (Table 4).
Figure 3 shows the representative SEM micrographs of 
the enamel and dentin interfaces with different condi-
tioning modalities and adhesives. Both the specimens 
from group 1 and group 2 showed a close relationship 
with the substrate in enamel region. Although resin tags 
were formed, both specimens could be seen with a noted 
separation present between the adhesive layer and the 
dentin surface. For the specimens treated in group 3 and 
group 4, the dentin showed resin tags. Also, gap-contai-
ning areas present between the cement region and dentin 
were observed in laser + CSE treated specimen. Both 
specimens from groups 3 and 4 revealed a good adap-
tation with the enamel. A better interaction with enamel 
was observed in group 6 compared to group 5. An AEO 
bonded to dentin micrograph showed a close adaptation 
with the substrate; however, no resin tags could be de-
tected. Laser + AEO created a uniform resin tag forma-
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tion in dentin, but the adhesive layer was partly separa-
ted from dentin.
Discussion
Many previous research reports have demonstrated the 
ability of lasers to modify the enamel and dentin surfa-
ce showing micro-irregularities, along with absence of 
smear layer (9-11). The literature presents controversial 
findings regarding the relationship between the laser 
applications and sealing ability. Some studies (12-14) 
have reported that the Er:YAG laser used alone or used 
in combination with acid-etching technique creates a 
surface with sealing ability that is similar or better than 
that produced by non-laser applied counterparts. Other 
reports (15,16) showed higher dye penetration rates 
when the margins of the composite restorations were 
Fig. 2: Frequency distributions of dye penetration scores for each 
group in dentin. ASB2, 37% phosphoric acid + Adper Single Bond 
2; CSE, Clearfil SE Bond; AEO, Adper Easy One; Laser (-), con-
ventional conditioning; Laser (+), supplementary laser conditioning.
Fig. 3: Representative scanning electron microscopic images show-
ing the enamel and dentin interfaces for each group. The arrows indi-
cate resin tags. ASB2, 37% phosphoric acid + Adper Single Bond 2; 
CSE, Clearfil SE Bond; AEO, Adper Easy One; Laser +, supplemen-
tary laser conditioning; D, dentin; E, enamel; R, composite resin.
prepared with Er:YAG laser. Arbabzadeh Zavareh et al. 
(17) showed that the use of laser for surface conditioning 
of enamel margins increased the grade of microleakage 
in CSE group, whereas it yielded no significant result in 
terms of CSE’s sealing ability on dentin margins. Our 
findings are mostly in agreement with the first group of 
studies and partly consistent with Arbabzadeh Zavareh et 
al.’s study (17) because there seemed to be a comparable 
sealing ability in the present study when the conventio-
nally-conditioned and laser-conditioned groups with the 
same adhesive system were compared. Additionally, the 
present study also indicated that laser conditioning was 
in favor of ASB2 application in enamel region, which re-
sulted in significantly lower incidence of microleakage 
as compared to the incidence found in dentin. 
In the present investigation, etch-and-rinse adhesive 
approach showed increased leakage scores in the den-
tin as compared to the enamel when either of the con-
ditioning methodologies was applied. No statistically 
significant differences were observed in self-etch ad-
hesive approaches in determining microleakage scores 
between the enamel and dentin regions. Hence, it can be 
concluded that dentin bonding is more technique- and 
substrate-sensitive compared to enamel bonding. In di-
rect adhesive Class II restorations, enamel has proved to 
be a more reliable substrate compared to dentin because 
of its homogeneous structure and hydrophobic character 
(18,19). Therefore, the formation of a consistent bon-
ding with less microleakage can be seen in the case of 
enamel margins compared to the dentinal margins (20). 
One of the major reasons behind it can be the heteroge-
neous nature of the dentin requires the adhesive system 
to simultaneously accommodate the properties of the 
smear layer, collagen, hydroxyapatite, fluids, and den-
tinal tubules (21). Although the present study showed 
no significant differences between the etch-and-rinse 
and self-etch approaches in dentinal regions, the self-
etch approach has been known to be advantageous on 
dentinal surfaces (22). This is because the susceptibi-
lity of the adhesive to moisture contamination through 
transudation of dentinal wetness in the case of self-etch 
adhesives has been reported to be low compared to etch-
and-rinse adhesives (23).
Throughout the last decades, self-etch adhesive systems 
have attained increased popularity. Depending on whe-
ther a self-etching primer and bonding steps are supplied 
separately or are incorporated into a single solution, 
both the two-step and one-step self-etch adhesives have 
proved to be advantageous. Both have shown to redu-
ce the application time and technique-related sensitivity 
(24). On the other hand, there is an ongoing argument 
with respect to the efficacy of the sealing ability on the 
enamel surface with self-etch adhesives. Some authors 
supported the selective enamel etching by means of the 
supplementary use of phosphoric acid before the appli-
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cation of self-etch adhesive application (25) while cer-
tain other researchers claimed that the sealing ability of 
self-etch adhesives are similar to that of etch-and-rinse 
adhesives on the enamel margins (26,27). In agreement 
with the latter studies, the sealing performance of CSE 
and AEO was comparable with that of the etch-and-rinse 
adhesive, ASB2, used on enamel margins. These results 
are in line with a previous study (28) where CSE and 
an etch-and-rinse adhesive, Single Bond (3M ESPE, 
Seefeld, Germany), showed similar sealing ability on 
enamel margins. It can also be noted that there were no 
significant differences between AEO and laser + AEO in 
both the regions with respect to dye penetration. SEM 
observations revealed that supplementary laser conditio-
ning provided a better interaction with both enamel and 
dentin. In this regard, it would be advisable to perform a 
laser conditioning before AEO application to ensure the 
long-term integrity of the bonding process. 
Conclusions
Within the limitation of the present study, comparable 
sealing performances were found for all adhesive sys-
tems in restoring the gingival walls that located in both 
the enamel and dentin regardless of the previous laser 
conditioning. ASB2 showed a higher degree of micro-
leakage in dentin versus enamel while both CSE and 
AEO showed similar sealing abilities between enamel 
and dentin. The additional Er:YAG laser conditioning 
may be beneficial before ASB2 application in order to 
promote the marginal sealing ability in the enamel re-
gion. In this regard, the use of CSE and AEO may be 
considered as an alternative to ABS2 for restoring Class 
II cavities in endodontically treated teeth due to their 
simple application procedures.
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